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Thia Invention relatca to a method and apv^^atus tox 
tiaf\^U\q aft eXonejftCed space or a location cotltainlnq an olongatoiJ 
hf.utor. More psxticulauly, the invention reiatea to ai> «lec?T.rJ.eal 
realfltancft heatftr for hftfttlftg flti <iion{|Atod «!uJ>t6rrai\cAn lioiohoLo 
At; rfltoL which are different at. different depthfl at xh« l^orfthole, 

:it U known to b« bouoticlal to usr^ eiLon9at<fd ttdaters 
uueh as trell hcatere, for heating tnt^.rva.lB oC B^l^ierran'^&jn fsarth 
f ormr^t Lon^;, plpo Intoriorsr or other elongated Bpaces. In various 
^ituL<itionu, It Is desirable to heat SMch epacee at relatlvelv high 

10 teaiper^ttuTft& tor r^lacivelv long tXntis. Beneficial ruoulta 
obtslTjod tay such heatlnc) may Include pyrol.l2lQg oil sUn^le 
fonnattona^ cok.lng oil to consolidate unconaolidflUod ro»orvolJf 
tortnatlOAS, coHlng oil to fornt elett.rloallv conductive oarbonlzttd 
rones capahle of operAt.lng &b ftl<s«trorteft within a rc:;ervolr 
f.O£Mtioaf theririally displacing hydrocarbons derived froif. ells or 
tara luto prod\if:tlou loctatil ons, prcv(tnting foraablott oX hydrntoij* 
prf^<;J.pltaitcs. ot tho Llhe in flulde which aro beincf produced frovi 
w*liB and/or traivsiJii.ttecl through plpe6f or thft llKe. 

The invtv/itl&A aln.d bo provide a heatlncj ^.ppar^tus vhlch 

20 J.s cftp^ble of generating heat at different rates tit <\itttv^x\X 
(Jftpr.Up in a V6li, 

In accordance vith the inventloij there Kb proviVded in a 
procesa in whioh suhterrantan earth formations within nn intorvwl 
iroro thnn 100 feet long are heated to a tenperature of more than 
6<)<>^c. f so that heat j a injected 8-ubcCAntlal Ly unltormlv into tUAt 
Interval'^ ah liriprovoment for constructing and installing a heater 
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tiavinqr an al*.ctrica.1 cable heating section which i» free of 
Rp.Uces, ooiiptioliig; cotlrfttUCtlug «;aid hooting caJblo r.ection by 
compre aaive Ly Hwayln<i at least- one i>ort.1on of a Juaotic^u-tre^ 
elec^trlcoi b^atlug cahlf^ to rccJuco itu ^iza at salO dt li*aj;t arid 
portion, si:t<fl cable la at least ap lony fts tU€ ftacth JiorTnatloii 
ii.utftrval to l^e lieatcfi And comprl.^«« an axiiilly «lltfrjcdr malltiaMo, 
electrically conductive core cyrrounded hy granular misaeral 
instilntion \tithiii a metal ohoath, 30 that avnged portion ffonoratec 
heat cit a rate hlqrher t-han the vmsvaqed portioi\j correlating the 

10 loCftCioa OT 3iJia flWiiOing with thO pattern of heat conductivttY in 
the earth formation iiiterval ao tUat (tt IftABt one ooTfnpr<ifl&lv«ly 
«waged portion of tho ccAjoia its located aloai; tho cable m a 
(position such that, fvhen the cable is esiteiiddcl along the ^autti 
foririarlon interval to be h^iatort, tht coinpr'>i5*tvoly «W2igo4 Borttoti 
is acljacent to a portion of the earth foriaatlan Interval In which 
Cli« h«a»n ftonductXvt by Is r<ii6ttvoly hlgh^ connoctin^ ofiid 
.toloctively owa^od heating csble section to at least one i>Qt7er 
supply Gfxble attd s^oolj-ng tlie lntftrcotin«ct€d cabloi; and 
unf;pooling thd Intarconnected cablsa into a veil bore along vith a 

2D wei<jht"HupporT.incj tnfttal conduit, while pe rlndicaHy artaoMng thft 
cables ^0 the conduit and oxt^ending the cables and conduit bo 
depth at which the conpre s tiive ly swaged portlong of the cable are 
positioned adjacent to Mio barth rormation-') having a relativaly 
hlfiU thaxiaal conduLtivity . 

The invention will now be e.xplalned In tnoro u«tall w: 
r^Jferonce to the accoropanying drawings , in '-rhithi 
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rigxira i is a thi-oe-diniejioioiiai 1 liuntxatioU df an 
eJ^ectr^caliy condMccive c«h^« c'>nc^.inlng staged ami uns'vagt^d 
portions suitable £ot uae In the puecezir icivuntlcn. 

?lgu7« 2 sobe^adoEiXXy IJL.lur traces iU)e iinc^^o.lllog of an 
uluctrlc<)l xeulatanca haatar withirj the well In ac(;ordscicrQ Cflth 
the p cedent IcvveotJlott. 



2a 
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posW ijupp.ly c.'ible and a jrobTl-shoatbec^ inaulated cable: suitable An 
a beetiiig eleioent of t>i9 presutfit inventj.cvu 

?iqures 4 aix5 £> illustrarta SpllcOG frrc (jXar.tricxilly intBr- 
5 oonnacting the conductive cores of a pdir of netaL-shftart±:ed tninarfil- 
Xnwalatfiil heatlTig cables guitablti as boing C5ibJ.ea ui the piresent 
Lnvwition. 

fljgure 6 ahoxa an olcctrjjcal pcwer euppJ.y cirOiltL SUltaJDl^a fatr 
use in Ijne preeBnt irivontijoci. 

IjO Vc^. preeent invent icn Is at Ijftash in part premiiicd CO a 

diiJCJOveri' bhat the propenrtioa of an el.ec:t;rical aGndix;tDr (cue* as a 
iretai-ifhoathecl aoOLid iratHrj-al- insulated electrically ctrjductlvc 
cahis ccntalnlricj a single oopper coro) are su::h that resuits of an 
application of ocnpressiw s^raqing to ths oitsidc of the TOtal 

l"? iiieach are tranatidttod through the insulation bo tho core of: 
cable in a manner such thit cftcJi of; these ocnporants ore 
subetantially ainrlltaiieoJialy roAiced in crrxjj^-asLtiunai Area !cjy the 
SOTO xxjlattve amojntB* Ths reducticoG In the cable ccn^ croaa- 
BGCttonal area can be controlled bo cause the swogad fpnrtiodi of tho 

20 cable to generate a significant ly higher srcjiit of heat per unit 

time than th*t which would have been cjorjcsratod wlthnnt the swaging, 
Qvron at a 5ub3tajifcj.allY Ic*^ tErrperatarei. 

In a proforred eotod.^riiewt of tbR invention, such a swaglnq ie 
dais fay A proooss oE rotacy 3-.ogLT5g, anKxinting to oa^ptccsli'jgf the 

2^ cablo with ma«i' b]£i?VG applied b^' rotatir-q dies, Itotatlng swaging 
dET/insB and bechnlquis aro kna-fli and ccnioercially a\'ai.iiablo. Buch 
Trachinaa cooronly oonrtaJ.n two die? vhlch reed. ptrrx: ate rapidly as a 
spirdle in vhicii ths^y dru fncHitttod Ic rotated, A conqsresaive rotairy 
fiwaglng cperaticn invnlvea a hanrering 4uotiori which Haa fchn sarcs 

30 beiAflf idal raaberlaJ, on netal an forging. It produoca a desirable 
grain structuro rasultlnqr in an incraaaDd teneilQ atrCJigth aivl 
eidBticlty. Thd ooW (in tcaperaturej savaging tends bo work harden 
EToat iretnllic mabsrialfi. If deail^, ^uch a hardening tvnn b2 i£\Bicle 
moare flexible by annealing. 
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m a rcttjry swac^iJ'JtJ cpearaticn, the exvent. to wtiicJi the swagsi 
iDAtjer:lal ia reduced In crw3?^ser±Lcnal arxia csan lie ccjntroiled very 
^iOcrar^toLy. Per ariasvplQ, sixwo a (netal-ahaatbedl solid material- 
iosulated noppsr -cured ciL<xtrlca3.1v^condutrtivc c«i).Vi h*?h?n'eB os a 
^ solid ifAtC]::lal during a uotary iAvagttig c^raticn, such a cab3s 

haviixf a dlsmoter o€ frccn ai>3ut 0.69 to 1.25 an can be fAiftged tc a 
reduced di<W£itar with a;^ sccarcitsy oJ: ^cut pl.UB or rainua 0.0025 cm. 

rigure 1 iiluatrAtes gwaged and \inswaufjcd portacna of a' cable 
poreferred fenr ubb in the pressait in^fent.ico. la tlie oabJ>; Mxwii/ a 
10 stftinlosa steel aheath 2 SforrouAfig a irdrjeral insalcitim 3 

Donsi sting of highly cxcnstfesstsd grains of ire^nGaitjm oxide ctnd a 
Holid ccnductlve cane 4 of subtfitxuitUlLy pure <=cpp€sr is 
cnncejnrtxJ.oaLiy fsurroundfed by the Insulattcai and aheath. In a cable 
of the type ahcwn, where thft ituier and cxitor dj-ancbera of the 
1*> Rheath X iiro 7,23 aiid 9 Tuni and thu diaitotar of tl'j^ ooi^t ^ ia 3 niti. 
iu the laiBwaged portion^ the: ceX>^J^. may gsjisratB a temperature a± 
abcxit 600 "C when oonducttrKj L80 crnperxt^s of altetxiattlcrg coixenr. 
However , ii> a awacrsd particci of tJ« CfiJiXe hacving ti dicBoetcr rediiced 
by 1S%^ a tieopearaKiire of ab>at 850 *C is ger/^rabad when tho cable 
20 -ia cmJix^tirg the sarwj cxjin^t in the saiftD environment. 

In a i>toi!cri:ed eahodurent, the presOiVt liwentAcfft can ha 
utiiiied for providing a formatinn-tailorarJ irethod and appartituii 
for uniformly hearting long Ineexvala of aubterranaeaa earth 
ftarmationa at high tCfrcporature . ?conrxiinQ to this rtothcd 
2f) sii^exrarean intervaJ-a ane ht'atod irith an electric healor 

ocuitainlng at .leant ami spjolable stoftL-sh<».thei mineral- insulated 
cabld havang a solid central core of high clcctt-ical conductivity, 
i>uch a unblo can he cjrranyeS to hecit tha earth fiamwcicne ao *:tv\t 
haat 1*3 transtiltted into the forjiatioarta at a substantially unifbrTis 
50 rate, evert when the hoatliig inwolvea more than about. 330 witto per 
cnetra at te-n^iitutros hctSfteexy ajocqt 600 «ixl 1000 *C. The unXCormty 
of tlia hent triifttrtlb'Jion is enaured by proi'lding the heater with a 
pattern of electrical roalstances with dspth vithin die veil 
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orrvjiiiytec) xith tlie pacceni nf heat cxmdiictiv.tty vzit.H depth withici 
tJts wwnxxjnding earth forJoatXccns » 

FiguTB 2 ahoLNTB ,D preferred eiibndiirEnt of a stsll jncciuer of tha 
yrccent liwention baing instaLleri within a wcjU, Afir :3Jv>?l\, a pair 
of seXftctlvely awnyad hiifttcr oabXea vM±i swngad and unin/aLCDed 
porticna of tte tvpe iS^icwn J.n rtgure X are beirxj ansixxiled i.nix) a 
•aoLI from spcoling oneana 5 cind 6 while a support inenibsr 7, such as 
a wire lino or spooiabXe iretal candait/ is oonciax'nervtly unapooicxS 
j.ntc the xell from a 3£X)o). tnj ireana (ju>t tiic?wn) , 'Jne .\cwer end of 
10 the aupport neons 7 Is aut^sinhad to a motor irotfjib' 9, stv^ as a 

ginJoer baz for a vertical well cor a tpucnpctbla or cthfcT nDCor tPBana 
fbr ^ gutoetantdaJly hcrizaaital \eU. The lo^>ir ends oi the heat.ang 
osble, flvagea portiona Iby are iwecbanilcailv attactiad Vo a cftJbU 
junction or €n(V<:cniitfctar 9 in v«htch the crriductive. oares arc 
15 elactricalLy tnterooxirei'tad (as shorn in more detail in figure 4> , 
'Iba jUTjCtion 9 is alsJi Tre^ianically ooruiBCtcd to the scspporfe iranibei- 
7, fat ^cniDpLo by a stTappitvi cnaanB 12. The lt--ts«vr oiids of the cable 
porticna, Vihlch are yweugexl for iTwareaaed heatirj^, are oLcctrically 
interoannactdd in the er/i. canivector 9 fand poaitioned to QXtcaisl 
?0 through ths zone gal^cbad for reootvlrjtj the ircnsaaad tearting. 

tie ru^BwagEd porticns la ot" t^jft heAttr^ cables, deBignsd fior 
niln.an33l beating along th© itoJiQ to be heated, are poaitioiuid to 
octcnd alxrvie cbc swaqed portions lb for a distance sufficient to 
reach a aonc vhlch ia cool en^rjgti for on intcrOKiriectiott of ti'-e 
■ 2^ heat-tri? cable pocticxia La vi.tli pcMn' siipply cables 10 by mMita of 

; joints oir eplioes ll for electrically or/i n<a=lizasioally inter- 

\ Donnsotirg thjs powor supplyirjg 3U'4 beatirjg catailtia. Tho pGRsier supply 

cab lea IQ ore arroin9€>d for carr^ivj? a selected aiPOuJit ol current 
while generating caily anxinliTftl <ca?una of heat, Tha details Cff. 
30 suitable Ttcchanical aijd elBctriL'\al cable coimectlng joints for iibg 
vith iTBtal-sheathed minaral-insalLntaad power supply cables are 
illustrated In irigure 3. 

A3 the bwting 3tiA pcswei: Bupply cables 1 and 10 are run .^rtn 
the woll, alorjcj v;.tth tJie veicjht.- supporting strand ?i the cables are 
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period Lt;aiiy .attac^JR<3 to tha liLrJu:)^ 7 b^' tvoaiib of claiiv>6 or 
cttTcjpping ae&lis 1.2. ^^ch clanipe n£U arranged for creatiijg 
friction between the. cablsa and strafxJ which iB auffiuifsnt to 
support the weight of Ove lengths of tha ofiblo? wtxic:h are lixtttcd 
5 hiOtweeu t?xe clanpe. 

FiLjute :J illuatr2it6fi details of prBferi"od arrar^eoCTtn of 
splic€5 Hi AS ahcwn, ths pGwer suppXy cahia 10 hafl a metal sheath 
14, fiucli as a ccppar ehsatJi, surroumliiig an insulatad olectocally 
ccofSuctive oyzc 13 cuving a ocxibio?itloai ot crosB^aecti-aaal Area anfl 
10 electriual rcsistajxe per \intt 01: icngch fuaaptirxr it to carry l;ha 
cuirent bo be uced Xn the heating cpcrat.lon vliilfe gererating only 
an ineigrjificiuit artDunC of beat* A» shewn, the power cable ibcAth 
14 aa veil as A power cable core 13 olto larger Chan tha atoath 2 
and core 4 of the unffwetgoc^ port,"lcri of I'jeating cabLo la. "Tha 
15 cAiAictlvc cores of the cable are clectTicalJy intHtoannccted, 
pre.feri\biy by ws3dj.rjcr, In general, the pc«er cable can or<fpfii>e 
sjubBtantialLy ani' ti'p^ of eleotricvally oaon<luotSve cable which la 
adequotaly hcat 3tab3je at the tantserature gei«race3 by tha mitiiinuni 
heating F^rtion o£ a h09.tlng cable aich aa la- Wliere irhe Tvcximani 
20 selected hP-E±ing t-en^^raturo is suff .iciently ICM and/oor tlip 
dist^ttice baiTfleen tho pOHir supply and zcna to tiWited to 
adocruabely short/ tha ^xMr supply c^le csn cxn?nri&9 a irotal*- 
sJieathed ndrerAL-inHiiatQd i-oll<5r<:oTied cable irfjidi is sQlfictjvely 
erwaged to pruviee tlio yolccbed beatiJig ten5:eratjure ao that no 
?5 ispllce.*? 3tx*h a.^ Bplicaa 11 aro noodcd. 

A3 Shown in Figure 3, a relcitJvQly chonrt ?^1-eeve 15, aiach as *a 
3t£?Ql fflL^vC/ is fitted around and walc^ or braced, or otherwiso 
ff^iohanically attached, to the aheatli 14 of the powesr cahla 10. TbQ 
alea^/a 15 is prefcrabiy selected to torn an inner diaireter fotsning 
yo an annular apftco botwoeox it ani abaath 2 largo oncugh to 

Aocxxurcxiate a bhottftr Steel sleeve 16 fitted around the sheath of 
M'^ c^Jble la. In a profyorrG<9 asfWiifcl-ing praaedurB, baforo ii:?#?ertir-q 
th/5 sibort .sleeve IS, acjbsbar/tiiilly all of the annular e^sco be^i»"«en 
^che ca!>le core trerrtera 4 and 13 and clceve 1.5 .a a filled with a 
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pcTVtiaref] minaral insulating natRriai atich as JwgneaiLmi cKid?-. The 
in^lulRtj.ng material i& preCftrably depoadtkiOl v/ithtri both hhe annulcir 

bea^reen Uia c^lc oorci* and the Bleeve IS &s the 
Eipeoc betweei^ tha s'JUtiBVG 15 and the Rtv^atii 2 thd cable .\a, and 
fi vibrated to ocirpact tha mntss of particle?. Slaave 16 OKtx tlten bs 
drl'Tcn Into tta spaua betuiacn the si ewe 15 ani atjoath 2 so t*har. 
tha OBSS of Tnl3iera.V inEJulating porticles in ccanpactad by the 
djrvving fores* Slocvet; L5 and Ifi and aheath 2 Jsr« then welded or 
jbnra:?©! togetlar. 

10 figure A illustrates details of an end cxMinocJtor ox splicxi 9. 

As sbcTxo/ cables lb iira osctondbed thrniicjh holefl in a steel blndc 9 
so tJiPit: sXxtrt aestLcnb Ic cxteaid i];to a c/liaidricai openli:>5 in tJie 
comral portion of tl>a block. Dte clectxtcally conductive ocare-s of 
tha cables axe welded together at weld 17 afod the cab.Ld sJiuaths are 

ifi '-celdod to block 9 at welda IB- P.mfcrcrOsly, the cei^tral oaaductars 
of the caiblos aro sorrcwrded by a hent fitffblc olectxical in^alatioo 
such as a nttiss oS carepac'jed pokvisri^rd mineral particles afTul/oc* by 
disc? ot ceramic natariaLH (not shewn) / after whicA thxi ccntrai 
opening is sealed > far examples r by weldirjg-cn pdecraa of ataol (not 

2Q 3h.-wa) « Mfcere the heater i.<j fifuupported ^ as ."shJwn in Pj.^urs 2, by 
attaching \t to an elooigatcd cylindrical sttwtural member 7, a 
groovo li? is preterabXy fonrEd along zuj oxtcrlor porticn cdE end 
spiXic?3 9 to mate with the atxuctTir.il mtaubar and facial cate tbs 
attaching of the end ptw to that member, ior axauple/ b^' a 

2^ strapping tft3?nfi 12- 

Tigure 5 ahows a prcfcnrrcd type of end comector which 
cl iiiiliiatea the nee3 for Oitting and welding a hea-ber OLTblB to £om. 
. a pair of hBDftar cobiiis, such as o^iblea 16 » Hte heater cable is 
slirpiy bci^t into a a-tum and inechanloaily clanged to block 20 }jy a 

30 boited-civ cl-wniuTig plate 21. The> bioak 20 is preferably prc/ided 
with groTWR 2?. to facilitate ttjQ c.lanping of it Co a cylindrianL 
structural msfl-ber sonh the cylindrical Bnerabor 7 showi in 
Vigura 2. 
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.in cjcsicraL, rNs pcwer supplying e]ien«nt:B cm conipriist; 
aubBtantlally any or ix: sy&tciCT C6pftbie of cacua-irig a haatar of 
tha present type ro heat at thfJ ©elected reialiivaly hiqh irato. Sijch 
a heatirg r<ato cen be abcut 330 wjrttfi par metre or njorft. 



alternating curreant oiectrtoal p^Qb-si: aupplyirjg cleoent.B witabls 
f&r the praaent typo of heater, 'JPhlfl arraiitjefljrsnt Inclixtes tv^-Q 
inverse r parallel , Bilioon-oontrolied nRrtifiExa <9CPfi) in the 
circuit rs of. ^:oth elenienta of a twonsJOTesit tiftat-jer. In such a 
10 >>fiilMicod syfltejn tha hesater hzqe abould J;e ecjnal rafiistanoc 90 
that tha cvible coce jnrv3tixjHp paint A, (wiUxin end ocmjiiBsbDr 9) can 
ranain at 20ro voltage or virtual iproand pob£aat3.aJ.. ahfjaths of 
the heater cabins arc ooormected to tha groundcxi oentre r^p o£ the 
trans fioacRiST ivcccdsry. Since point A repreoents thn vfaldod 

^13 conrjQCtioo witHln the end piCiOO 3^ the poeent-ial differenuo bcfcceen 
tho occKCCtloan and the hojeing xili !cq zeoro Cor all priictical 
pxirpose*;. Ihsso points tToald be in dlfictrical ccnUct ^dtljout any 
ccndoctlon of current* pointa advancing upwsird alcn? tha lege of 
thB ^leatar, the potential differ exxjs bat>ns«i tho Shaaths and the 
20 o^sitTAL ccndfuctcr can increase and finaliy recch cnc«iflWfll3 .-^ucSa 
ploa or niinu& 2i0 V. 

Xn varioua Bi.tuatian& in vhicJi an eloongafced spaoa is to be 
iaeated^ ttie in aitu ttiSnoal oooriducttcn n^oy vary ^igni-fiOTrrtiy 
vitl-jin vcirioua iayar?; or looatjUms aixxjgr that s^acB* A uimro hoat 

^3 oondiicfclve layer will carry off thrt hoat generated b^j' a heater 

faster than a leaa mmdustiTO layor. Aa a result, tjne teirparature 
KiQintained by an electrical rciaistancti lioater oancying a qlvGn 
omciant o£ curront will V;e Ijowrt opfogibes u mora corv5ucti''/e layer , 
In aitaations in v.'hich it is desared to ciKiiiitziio a tlAt or imifojcsn 

30 heating rate aloJig the &pS(Ct lx;J.rg heated, it ia daaiirablo to 
rsiuce t^e heater oora cross-fi^c tional area in oxx:er to g^fficrate 
h^t at the aane rate ets thdit in otJier portions of the heater whJch 
1-jotter, 



5 



ricfure S is a diagram of a praferrod airyan5enexafc at 
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.An oiccu*ical rp.sistajico Jvrater cx\ be cauBt«3 to ^jaxirate 
selfictficl hcatttnif rahea at different Lcoati.ona alacig ths Jicater Iry 
iristalliry; hoater sectiona ocntainLtyj co3\cbactora af varying ctoe?^ 
airjtioiis* '.^^e bawlLIjWt ocore or ocaviuctxar cro6&-sectif:nB exhibit R-ore 
5 rcsistarxTH to tha clocrtrical cur rent flw/ aivi thua generate Irjefit ct 
a rate higher t)ian be gencrabefl by a thickor core At ths eecrrft 

ten^OTature. I=br exanplar it cai> heat at a salG(?t«l rata at la«cr 
taiiparature e&^iatiriQ along a relatively Tnone hent cxxiduccive l^yer 
oq: EOttC: witJUn tha opacB l«ir/3 heateiS, 

\0 Tt>D present ijivEntitjn provldc? a nethai of csausing a heater 

havirjg ai^ Qlectrically conductive ocore v^tctj ia cvoatinuous awi 
lanitary to gdiuxratc ccnetant and/or sclecteti ^WTcnnta of hsut aLcsvq 
one Di: a ntuItlplicJ.Uy of different pcrtion-'J of tha heater wittxxit 
re«5uxring a noltitudc of h6atii;g cable aE?iio2S. rartiicularly where 

15 tho heating is tn ba cxanchactecl ar. relaUively hiqh tcCT^ratinnea far 
lojig tlTneS/ velding proiilerafi and cpportoanitieB fiar loaKage are 
inhorent In w;y aittiTig ajid fijillotng of electrical hcsatin? cableR, 

In f aspect to aa^ electrioal tttfii Stance heater ccopcrislng a 
pair Qf aLectrically iutRrcOTiacted inatal -Sheathed solid mtcrlal- 

20 inaulatei cables eacJl containing a maLi^le tnetal elflctxically- 

ooriducti\"a oors, fbijr sets of rntary switchlrg <3ies can te arrimgod 
for px«'/id)lng yoroentagea of {^iatretrical roductictia of 6/ 12^ IB 
and 2A in thfis initial overall diametar of oach oable and its 
condD.^tive lotq. "Ey neduciixi one fortioo -adi the cable diamater by 

Ji'j 6% and anotJiRT by 12* , the overall reduction is 9% . 1^ siich 

pofocedurre^r tl'sa overall crx>ss-&cctlOfia.l. reAictiana for hyth legs of 
the heater can be providtid in Ciiglrit st^B of roughly 10* cad^, (?or 
dxanple, see t-i® following table: 
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0 


6 






6 


8 






6 


12 






12 


12 






12 


IZ 






18 


19 




55, & 


1.8 


24 




7!5.0 


24 


2A 




04. S 



m such a pfrooedursf if t>je ^bcw-dewariba^ piTsforrod power 
supply Is to bs uwxJ, it i& rtA^fisary tJiat esch leg of ^)iq hoater 
after teJucticM in its core diainster have overall reaiatai^co 
oqualling that of the otJier: leg after reductions In its ccxre 
S diamRtesf* Tfii& is no^dssaxy to en sure tho niaro ^/oltatje gxitential of 
rha iTitsrocmrvxAOdt caii6ucwtra in the ervd piece. TVnuSr it ia 
iieceaeatry to divitfe ttje cverall extents of electrical care 
reaucttooa evenly av&t both longtlis of tha haatsr. 

Substantially any oaiioi'QSiive «wacfiri9 ptosajcSura which is on: J.3 
10 Bubstantlally cqaavalejit to rotsty »/&<f£ng oan ssoit^v csod in 
prorrttsirig t)"tC present irxventicn. acait^les of swaging rachinas 
and/or tedirtlques which c«m ouitabily bo used are incliiRi^ra oi ditj 
closing swcjgljicr rwuchli:©:*/ such aa thnea rr^iiuif acfxired by tv*a 
Torrirt^ton Cuit^rany, or Abbey ;\etna itechins Cbffpany or rctm 
15 M?nof acturir^g, etc. 

Ev-wer autply Ciihles capebLe of trisnsnittiii;? the anxjuut of 
fjurrent selentjed to ba upod whiio gcxworatliig cmLy a ralativ^ly 
insignificant aipount of haat and havlnr/ sufficient tharnwl 
stabiJJLty for electrical and iiOc3it*nical ati'^cfrtment to thu notaL 
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^I'jeai'.lVid cable scitjcrtef^ for qHnerating a tainiitruio artcmit of haat can 
suitably U^ uned in this Ittveat-xon, Scanpiag of suah cato1/?R inclutia 
thcce ava.T..l3b3a as QXOC/Pyrotcnac (41 rabies. 

la gcoeralf in a Bituutlan tn which an electrical randurtor 
5 rjeed not XiO Insula bert, the preasjat Invent ioci con ba tju'iictised wtch 
3i±)BtantiAlly Sio^' eXftstricMl conAiClXjr vAuch .1r oontinucus and 
'onitarY (i-^i. is a ooor\tT.nuoua fcody froo oS iaterccnnectcd ' isegiceiits 
ccc f?trarjda> zind had a o^re nr oonductxir thlctolftsa (x.e, a crobS- 
jsectiooal acrea of t}jc cXectrically cocidiictivo rrfiterlal) vhich is 

10 different in diffewaat locat-ioojB along the length of the elautricrea 
uontSuctor. rrsrf erred elGCtrioai ojtnductors CiTcqarise snvjI^J 
ccnductive corwi of nuliedsle iTCtala or ailcr/a surrounded by a heat 
^tahlG eolld jivsulated raterial wiUUn a beat atable notAl slxeath 
Buch aa rciractOEy pcw«3ar or rolid fibre insulating matarials 
w.-ittiiii onpper or stcoi sJ^eaUi^. A oopper core surrounded by 
pcwdered magr>?aiu«i oxlda within a ccpper aheath for us?? at moderato 
temperatures, or a stAlnles^ steel sheath fxir ugc at atgh 
tarpei'atvaeB/ ia paiticuliiriy preCerried, 

In genera]., the* pr^eonrt invention can t« xitilirod to J.nitiabe 

20 land itaimtaJjn a ssubatantially unifidin rate of lieatirxf along a space 
cmtainitxj at leaat one portijon haviftij a relatively la^r rata of 
lieat oonductivity and/dT CO estahHeh said maant?.5n a relatiyely 
higji rata off hinting aXotvg eelected pc3rbiocis alor^J a f'paoa 
. throajhoat x^hich the rate of. heat ccndui:tiyity Is nearly uai-farm. 

?3 lV>e vaafiat:loo8 irt hnat coofttluctivity with diBtaix^^ filing an 

eLaTsrated path can be detarminod by wauB of nuraerouc kna-m RJid 
available d^ 7 ice a ar-d tecfmit^ufte . 

m a parctcolorly prafuxTGd prcoe4ure for ut.iJ.lzirjg the 
ptassfit ImTntiOin for heating alnog a path aloiifcr which the htiat 

30 oacidiictivtty is noni-unifom, a beleotion is nvade of the rate of 
heating to be prcvl<j6ad when an electrical canductcr having the 
ctiT^ceiticti to us5d is cccviucting the ancurrt of curreot to ba 
used within ci hortogonacus iiedium Ivacvicxj th& i<wa*it heat 
cMoductivity bo ba entaOdintCKCd aJci-jg the path to be hcatad, 'The 
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niaxiimJA) thickneas for t'ne elentrioal OCOdocbor to ba \isG>3 ifi tYcn 
tbs tli\cJcTiaaa which provii3sa that rata of h^atii'J? in that 
situation, 'the thi.ck;iC£;s of pcvrtians of the ocncSuctoi: to tiB 
psaitioncd alcmcy portions o£ tlv? p^th whldi havfc higber heat 
0 nonductivitieg are then /ftfia& tl^imsr bo an axt<snt substamtially 
cTcnpenBating for Che nora reipid conAwiting^vrtiy of the V^at fe^y 
those higher haat ooaidurtivitit^s. 

^^.Iterrati^y, where it ia dasirii^'le to generate heat at 
i^eJ-ativeiy rapid I'afcesfl along p-jTtioruS of a path to ba hsate^i (for 

10 cxanple, alLing top and hottccn portions of a mihteuranc&ri Oftrth 
faanratiim) ouch din arrangeipent can ba ittadia, a.Vchcr.igh t^js hciut 
covductivity nwi' silh-'StantiaLly uniform all alCflig tte path to IjO • 
heated, 'i^ candiKJtor thictoiess auH rotisbance to be used flLmg 
fflo^ oi tJ\e CAb.le osntSuctor sure se.lecii©dl bo prcvidc the ssl^besi 

t5 rata of had ting along a hcTrogeheoos itBterial hawing the luiat 

conductivity oatiico to axwt of tba interval to be heolixJ. TheAf tl^s. 
trtore rapid haativjg rate aloog aGJj6i:±ea portioi^? of the path can be 
obtained by thinnitig the portloufl of tha oonductor- to be ext&ndod 
along those partiont oil the pabh» 
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THE &aB0T>:aift7lTS DP THE IHVEHTI0)3 lU ^JHICH AH EKCLyfilVS 
PROPERTY OR PRIVILEGB 13 CLAIWKn l.RU DBPIHBO AS i'OLX.OWS: 

]. . In a procaas In which aubXerraneau earth fonnfttXc^UB 

wlthtn an Interval more tlxau xoo feet Long are hoaCtxJ. to a 
r.ennpArature ot noro tliyit* SOO^C. , ao that heat is injected 
aubatantiaXl.y xmif ori^iLy into that itit^tvaL, an iJhprovam&nt far 
construe ting end lijig tailing a lie ate r hD vlncj an alectrtcal cable 
heating section "wliloU ia free of Bplic<;c#, comjt^riftlng » conBtr u<2titiqr 

Ii'&aiiJ.A^ cahl« auction tay compresB tvely swacjing at least one 
poruioii of a juDotlou-tree el«ctclcai heattftt/ ceibl<s to fd^ucs ita 
6l2e At Sftiid At least one x^ortion, said cable 1 a at least as long 
as the earth fo.rmatiou iruterval Co het bedC^d and oomprts'iff ati 
aK.laVXy a\iqrn^<3, fflftiiea})i», ol«ctrically conductive col» 
surroundoa by granular u^i^e^al ine?uiat;ion wltbin d netal sh«<jittt, 
BO that ftwage<l portion er«n*5r*ites hoat at a lato hl^pher than the 
UAava^eJ porttoa; coxrelatlntj th« location ot said swaging vith 
the pattern of heat con inactivity in tho earth forntotion interval 
BO that at Loaat one coTuprasaivoly swaged portion of the ci^ble is: 
Incatea along the cable ll\ a po«lniOft ffUCh that, vhf^ti thr> (?Ablc is 
extended along It^^ isarth formation internal to be heated, the 
cojftpro Hsd valy ?Kaged portion la adjacent, to a portion of tlic «arth 
Cortnarton interval in which the heat condur^tivlty la rfllatively 
high) connoctlngr said selectively flVMgett h&atiii? cable Aoctlon to 
at. XeaBt one power supply cahie ^ind iipooLincr the intarconneoted 
cables J and vsnapoolinij the intercooaectetl cables into a W€ilborft 
along with a weight- supporting metal conduit vhilo perioaical ly 



13 



G3253-2601 

int^chtoQ uUe cabXeB r.o t\xt. condulT. a.ud fixtendlnci the cah.lea and 
conduit to n doptJi at wtiiclt the coinpcensivoiy AVaged pc'ttiona ot* 

r^lativdiy hi^fh bharTnal conductivity. 

dMAPT & BiaCAH 
PiiTSHT AGHKTS 
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A_D 3 T R A C T 

fJE^n'.asCG RATS MMWiVC 
ELQKOiTED ELIXTKTCM* nESIfrJMflCK IIEATER 

An elec*urical nes^.Rtarjce lieatsex capable of gt«eratlng J\eat at 
diffBL-wnt rirbes at diifenerjb loc^ntlOAS a.lc«9 ita lerxfth corprisejs a 
ccntinuDua arid unitary eXectuical ocmxlijctor havir^ a thickiicsa 
vrtiich is different at Jiffcrent Icoaticos along Its lerdgth. 
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